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QIS is an alof-government effort, coordinated
across agencies

Quantum Sensing and Metrology
Quantum Computing

Quantum Networks and Communications

Supporting Technology
Future Applications
Risk Mitigation
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SC core and Centers span most of the above

Foundational Quantum Information Science Advances

NQIA (National Quantum Initiative Act) Crosscut

Major Milestones

A National Quantum Initiative Act Passed
Congress 2018

A DOE Office of Science Quantum
Initiative & Core programs: 2018

A National QIS Research Centers establisl
by DOE: 2020
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QuantiISEDT Thr ee year s

Background: QuantISED was competed in 2018 as part of the DOE Office of Science
QIS Initiative following a series of community round tables, study groups, and pilots.
The 2018 awards seeded the program and were followed by another competition in
2019. Some LabBJniversity Partnerships and University Consortia were renewed in

2020 & 2021 https://science.osti.gov/hep/Research/QuanithormationScienceQlS

QuantISED Synthesizes *QIS for HEP & * HEP for QIS* in alignment with SC theme
Intersects all the HEP frontiers and thrusts (via Pls and connected topics)
Lab-University partnerships for Lab program

University Consortia for University program

Some interagency partnerships and coordination with other agencies
One formal UK collaboration (via FNAL)

Workforce development embedded due to interdisciplinary collaborations
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https://science.osti.gov/hep/Research/Quantum-Information-Science-QIS

QuantlSED (Quantum Information Science Enabled Discovery) TOPICS

Cosmos and Qubits
connecting cosmi@hysicsto qubit protocols and lab simulations

Foundational Theoryi

formulations of gauge theories targetinguantum computing
Quantum Computing 1

guantum ML, computing, communications including QN
Quantum Sensors

developing quantum sensors beyond SQL using QIS
QuantISED Experimentsi

exploring BSM/new physics using quantum sensors includMéGIS
QIST/QISE T
research technology applying HEP technology and tools for QIST
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OSTP QIST Categories
Quantum Sensing and
Metrology QSENS

Quantum Computing
QCOMP

Quantum Networks and
Communications QNET

Foundational Quantum
Information Science Advances
QADV

Supporting Technology
QTSUP

Future Applications QTAPP
Risk Mitigation QTRM

NQIA Crosscut NQIA

l QIS CategoriesQuantIiSED, & P5

&

HEP QuantISED Topics
Cosmos and Qubits
Foundational Theory

Quantum Computing &

P5 Science Drivers

Energy
Frontier
Intensity
Frontier

J

Cosmic

Frontier

Higgs Boson

y4

Neutrino Mass

Communication :

QuantiSED Experiments

}guantum Sensors

QIST/QISE T research

> Dark Matter

Cosmic Acceleration

Explore the

Unknown




QuantlSED Coordination

SC, DOE, National Priorities
HEP Theory
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Lab Priorities for relevant

Lab Programs
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Quantum Computing & Simulations (Qcas)for  HEPZ

Most connections (intersecting HEP theory & data analysiBxpts)

} Cosmos and Qubits, Foundational Theory, Quantum Computing
Other areas dQuantlSEDconnected to QC &S

} Quantum Sensors intersects Quantum Networks in some cases
} QuantISEDexperiments expected to connectto QC & S
} HEP (Technology) for QIS contributes to Quantum Computer R&D

The vast OAIlIl of Govtodo QI'S, QI ST, Ql
various DOE efforts are all expected to advance QC for HEP

} www.qantum.gov andhttps://science.osti.gov/Initiatives/QIS
Some QC&S related (and othe@QuantISED research...
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QuantISED Highlight: Quantum machine learning with Google
Contact: G. Perdue

FERMILAB-PUB-20-624-QIS
Machine learning of high dimensional data on a noisy quantum processor

Evan Peters,»2:3*| Jodo Caldeira,® Alan Ho,* Stefan Leichenauer,> Masoud Mohseni,*
Hartmut Neven,* Panagiotis Spentzouris,®> Doug Strain,* and Gabriel N. Perdue®

! Institute for Quantum Computing, University of Waterloo, Waterloo, Ontario, N2L 3G1, Canada
2 Department of Applied Mathematics, University of Waterloo, Waterloo, Ontario, N2L 3G1, Canada
3Fermi National Accelerator Laboratory, Batavia, IL 60510
41Google Quantum AI, Venice, CA 90291, United States
5 Sandboz@Alphabet, Mountain View, CA 94043, United States
(Dated: January 26, 2021)

A Fermilab collaboration with Google , utilizing the Google quantum supremacy
computer Sycamore, demonstrated the first guantum machine learning algorithm
competitive with leading classical Al when applied to a real-world science problem

(supernovae image classification) https://arxiv.org/abs/2101.09581

JE H
3¢ Fermilab
5/24/21 Joe Lykken | Fermilab Budget Briefing



DOE QuantISED : Quantum Computing for HEP Pl C. Bauer, LBNL

Two main thrusts in program sl Non-perturbative
U = " |
1. Quantum Simulation tS, ] quantum
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} Requires huge overhead | quantum S X=lp)
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resources Coupling Constant, g
} Using EFTs can factor out the truly ol .
difficult parts from those we can 7 Bl
using existing resources g 05f “ ey Time evolution of
} Are developing quantum algorithms for : XX chain model
o 5 Il I oL with and without
difficult parts g =" /' noise mitigation
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2. Noise mitigation for NISQ devices E N -
} For results from NISQ devices need to 1o ]
reduce noise N o Tme
_ _ Simulation: Quantum Algorithm of High Energy Physics Simulation: PRL 126 (2021) 6, 062001,
} To main parts of noise: readout and Simulating collider physics on quantum computers using effective field theoaesiv2102.05044
gate noise Noise Mitigation: Unfolding quantum computer readout noise, NPJ 6, 84 (2020)
d loDi - Resource Efficient Zero Noise extrapolation with identity insertions, PRA 102 (2020) 1, 012426
} Are _eve oping ways to mitigate types Readout Rebalancing for Near Term Quantum Computers, PRA 103 (2021) 2, 022407
of noises Quantum Gate Pattern Recognition and Circuit Optimization for Scientific Applications, arXd2:20008

Mitigating Depolarizing Noise on Quantum Computers with Nolsstimation Circuits, arXiv:2108591
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Application of Quantum Machine Learning to HEP Analysis at the LHC

Lead PIl: Sau Lan Wu/Wisconsin

O Formed an international and interdisciplinary collaboration with
Wisconsin, CERN, IBM, Fermilab, BNL, Stony Brook and Amazon

0 Using Quantum Computer simulators (IBM, Google, Amazon) and
hardware (IBM), employ 3 methods of Quantum Machine Learning to two
LHC HEP flagship apnsl geadsPW(¥YtH (H Y

0 Method 1: VQC-Variational Quantum Classifier (result is accepted for

publication by J. Phys. G: Nucl. Part. Phys. https://doi.org/10.1088/1361-6471/ac1391)

Method 2: QSVM-Quantum Support Vector Machine Kernel Method (result

is submitted for publication, also see arXiv:2104.05059)

Method 3: QNN-Quantum Neural Network (in development)

O¢

O¢

O 19 presentations in conferences and workshops (2018-2021)

0 Attempt to demonstrate that future Quantum Computers can offer stellar
performance in Quantum Machine Learning
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https://doi.org/10.1088/1361-6471/ac1391
https://arxiv.org/abs/2104.05059

Reducing Quantum Computing Requirements for HEP Problems

Contact: M. Carena

@ Marcela Carena, Henry Lamm, Ying-Ying Li, Wangqiang Liu, Lattice

Renormalization of Quantum Simulations 2107.01166.
Developed schemes to determine Minkowski lattice spacings using Euclidean

data reducing the required quantum resources to reach the continuum limit.
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